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| Those who conduct research usually work in laboratories and
Bi0|ogica| and Medical Scientists use electron microscopes, computers, thermal cyclers, or a wide

variety of other equipment. Some conduct experiments using labo-
(O*NET 19-1021.01, 19-1021.02, 19-1022.00, 19-1023.00, 19-1029.99, ratory animals or greenhouse plants. This is particularly true of

19-1041.00, 19-1042.00, 19-1099.99) botanists, physiologists, and zoologists. For some biological scien-
tists, a good deal of research is performed outside of laboratories.
Significant Points For example, a botanist may do research in tropical rain forests to

. . . see what plants grow there, or an ecologist may study how a forest
e A Ph.D. degree usually is required for independent area reco\r,)ers af?er a fire. g y y

research, but a master’s degree is sufficient for some Some biological and medical scientists work in managerial or

jobs in applied research or product development; a administrative positions, usually after spending some time doing
bachelor’s degree is adequate for some nonresearch research and learning about the firm, agency, or project. They may
jobs. plan and administer programs for testing foods and drugs, for
example, or direct activities at zoos or botanical gardens. Some
work as consultants to business firms or to government, while oth-
ers test and inspect foods, drugs, and other products.

¢ Medical scientist jobs require a Ph.D. degree in a
biological science, but some jobs need a medical

degree. In the 1980s, swift advances in basic biological knowledge re-
e Doctoral degree holders face considerable competition lated to genetics and molecules spurred growth in the field of bio-
for independent research positions; holders of technology. Biological and medical scientists using this technology

manipulate the genetic material of animals or plants, attempting to
make organisms more productive or resistant to disease. Researct
using biotechnology techniques, such as recombining DNA, has
led to the discovery of important drugs, including human insulin
and growth hormone. Many other substances not previously avail-
Nature of the Work able in large quantities are starting to be produced by biotechno-
Biological and medical scientists study living organisms and their |ogical means; some may be useful in treating cancer and other
relationship to their environment. They research problems dealingdiseases. Today, many of these scientists are involved in biotech-
with life processes. Most specialize in some area of biology such asology, including those who work on the Human Genome project,
zoology (the study of animals) or microbiology (the study of micro- isolating, identifying, and sequencing human genes and then de-
scopic organisms). termining their functionality. This work continues to lead to the
Many biological scientists and virtually all medical scientists discovery of the genes associated with specific diseases and inher-
work in research and development. Some conduct basic researdked traits, such as certain types of cancer or obesity. These ad-
to advance knowledge of living organisms, including viruses, bac-vances in biotechnology have opened up research opportunities in
teria, and other infectious agents. Past research has resulted in th@most all areas of biology, including commercial applications in
development of vaccines, medicines, and treatments for cancer anggriculture, environmental remediation, and the food and chemical
other diseases. Basic biological and medical research continues tgdustries.
provide the building blocks necessary to develop solutions to hu-  Most biological scientists who come under the categotyi-of
man health problems, and to preserve and repair the natural enviplogistare further classified by the type of organism they study or
ronment. Biological and medical scientists mostly work by the specific activity they perform, although recent advances in
independently in private industry, university, or government labo- the understanding of basic life processes at the molecular and cel-
ratories, often exploring new areas of research or expanding on spaglar levels have blurred some traditional classifications.
cialized research started in graduate school. Those who are not Aquatic biologistsstudy plants and animals living in water.
wage and salary workers in private industry typically submit grant Marine biologistsstudy salt water organisms, diminologistsstudy
proposals to obtain funding for their projects. Colleges and univer-fresh water organisms. Marine biologists are sometimes mistak-
sities, private industry, and Federal Government agencies, such agnly called oceanographers, but oceanography is the study of the
the National Institutes of Health and the National Science Foundaphysical characteristics of oceans and the ocean floor. (See the

tion, contribute to the support of scientists whose research proposstatement on environmental scientists and geoscientists elsewhere
als are determined to be financially feasible and have the potentiajn the Handbook)
to advance new ideas or processes. Biochemistsstudy the chemical composition of living things.
Biological and medical scientists who work in applied research They analyze the complex chemical combinations and reactions in-
or product development use knowledge provided by basic researcholved in metabolism, reproduction, growth, and heredity. Biochem-
to develop new drugs and medical treatments, increase crop yieldssts and molecular biologists do most of their work in biotechnology,
and protect and clean up the environment. They usually have lesghich involves understanding the complex chemistry of life.
autonomy than basic researchers to choose the emphasis of their Botanistsstudy plants and their environment. Some study all
research, relying instead on market-driven directions based on th@spects of plant life; others specialize in areas such as identification
firm's products and goals. Biological and medical scientists doing and classification of plants, the structure and function of plant parts,
applied research and product development in private industry mayhe biochemistry of plant processes, the causes and cures of plant
be required to express their research plans or results to nonscienfiseases, and the geological record of plants.
tists who are in a position to veto or approve their ideas, and they  Microbiologistsinvestigate the growth and characteristics of mi-
must understand the business impact of their work. Scientists incroscopic organisms such as bacteria, algae, or flwbeglical mi-
creasingly are working as part of teams, interacting with engineerscrobiologistsstudy the relationship between organisms and disease
scientists of other disciplines, business managers, and techniciangyr the effect of antibiotics on microorganisms. Other microbiolo-
Some biological and medical scientists also work with customersgists specialize in environmental, food, agricultural, or industrial

or suppliers, and manage budgets. microbiology, virology (the study of viruses), or immunology (the

bachelor’s or master’s degrees in biological science
can expect better opportunities in nonresearch
positions.
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study of mechanisms that fight infections). Many microbiologists  Soil scientiststudy soil characteristics, map soil types, and inves-
use biotechnology to advance knowledge of cell reproduction andtigate responses of soil to determine its capabilities and productivity.
human disease. Agricultural and food scientistsvho are sometimes referred to
Physiologistsstudy life functions of plants and animals, both in as biological scientists, are included in a separate statement else-
the whole organism and at the cellular or molecular level, underwhere in theHandbook
normal and abnormal conditions. Physiologists often specialize in  Biological scientists who do biomedical research are usually
functions such as growth, reproduction, photosynthesis, respirationcalledmedical scientistsMedical scientists work on basic research
or movement, or in the physiology of a certain area or system of thento normal biological systems to understand the causes of and to
organism. discover treatment for disease and other health problems. Medical
Biophysiciststudy the application of principles of physics, such scientists try to identify changes in a cell, chromosome, or even
as electrical and mechanical energy and related phenomena, to livgene that signal the development of medical problems, such as dif-
ing cells and organisms. ferent types of cancer. After identifying structures of or changes in
Zoologistsand wildlife biologistsstudy animals and wildlife—  organisms that provide clues to health problems, medical scientists
their origin, behavior, diseases, and life processes. Some experiwork on the treatment of problems. For example, a medical scien-
ment with live animals in controlled or natural surroundings while tist involved in cancer research may formulate a combination of
others dissect dead animals to study their structure. They may alsdrugs that will lessen the effects of the disease. Medical scientists
collect and analyze biological data to determine the environmentalith a medical degree can administer these drugs to patients in clini-
effects of current and potential use of land and water areas. Zooloeal trials, monitor their reactions, and observe the results. (Medical
gists usually are identified by the animal group studied—ornitholo- scientists without a medical degree normally collaborate with a
gists (birds), mammalogists (mammals), herpetologists (reptiles),medical doctor who deals directly with patients.) The medical sci-
and ichthyologists (fish). entist will return to the laboratory to examine the results and, if
Ecologistsstudy the relationships among organisms and betweennecessary, adjust the dosage levels to reduce negative side effects
organisms and their environments and the effects of influences sucbr to try to induce even better results. In addition to using basic
as population size, pollutants, rainfall, temperature, and altitude. Uti-research to develop treatments for health problems, medical scien-
lizing knowledge of various scientific disciplines, they may collect, tists attempt to discover ways to prevent health problems from de-
study, and report data on air, food, soil, and water. veloping, such as affirming the link between smoking and increased
risk of lung cancer, or between alcoholism and liver disease.

Working Conditions

Biological and medical scientists usually work regular hours in of-
fices or laboratories and usually are not exposed to unsafe or un-
healthy conditions. Those who work with dangerous organisms or
toxic substances in the laboratory must follow strict safety proce-
dures to avoid contamination. Medical scientists also spend time
working in clinics and hospitals administering drugs and treatments
to patients in clinical trials. Many biological scientists such as bota-
nists, ecologists, and zoologists take field trips that involve strenu-
ous physical activity and primitive living conditions.

Some biological and medical scientists depend on grant money
to support their research. They may be under pressure to meet dead-
lines and to conform to rigid grant-writing specifications when pre-
paring proposals to seek new or extended funding.

Employment
Biological and medical scientists held about 138,000 jobs in 2000;
about half were biological scientists. Four in ten biological scien-
tists were employed by Federal, State, and local governments. Fed-
eral biological scientists worked mainly in the U.S. Departments of
Agriculture, the Interior, and Defense, and in the National Insti-
tutes of Health. Most of the rest worked in the drug industry, which
includes pharmaceutical and biotechnology establishments, hospi-
tals, or research and testing laboratories. About 1 in 8 medical
scientists worked in Government, with most of the remainder found
in research and testing laboratories, educational institutions, the drug
industry, and hospitals.

In addition, many biological and medical scientists held biology
faculty positions in colleges and universities. (See the statement on
teachers—postsecondary elsewhere irtHthedbook)

Training, Other Qualifications, and Advancement
For biological scientists, the Ph.D. degree usually is necessary for
independent research and for advancement to administrative posi-

Biological scientists who study plants and animals living in water tions. A master's degree is sufficient for some jobs in applied re-
are called aquatic biologists. search or product development and for jobs in management,
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inspection, sales, and service. The bachelor's degree is adequateolders can expect to face considerable competition for basic
for some nonresearch jobs. For example, some graduates with eesearch positions. The Federal Government funds much basic
bachelor’s degree start as biological scientists in testing and inspecresearch and development, including many areas of medical research
tion, or get jobs related to biological science, such as technical saleRecent budget tightening has led to smaller increases in Federal
or service representatives. In some cases, graduates with a bachelobssic research and development expenditures, further limiting the
degree are able to work in a laboratory environment on their owndollar amount of each grant, although the number of grants awarded
projects, but this is unusual. Some may work as research assistant® researchers remains fairly constant. At the same time, the num-
Others become biological technicians, medical laboratory technolo-ber of newly trained scientists has continued to increase at a steady
gists or, with courses in education, high school biology teachers.rate, so both new and established scientists have experienced greate
(See the statements on clinical laboratory technologists and technidifficulty winning and renewing research grants. If the number of
cians; science technicians; and teachers—preschool, kindergartemdvanced degrees awarded continues to grow unabated, this com-

elementary, middle, and secondary elsewhere itHtrelbook) petitive scenario is likely to persist. Additionally, applied research
Many with a bachelor’s degree in biology enter medical, dental, positions in private industry may become more difficult to obtain if
veterinary, or other health profession schools. more scientists seek jobs in private industry than have done so in

In addition to required courses in chemistry and biology, under- the past due to the competitive job market for college and univer-
graduate biological science majors usually study allied disciplinessity faculty.
such as mathematics, physics, and computer science. Computer Opportunities for those with a bachelor’s or master’s degree in
courses are essential, as employers increasingly prefer job applibiological science are expected to be better. The number of sci-
cants who are able to apply computer skills to modeling and simu-ence-related jobs in sales, marketing, and research management
lation tasks and to operate computerized laboratory equipmentfor which non-Ph.D.s usually qualify, are expected to be more plen-
Those interested in studying the environment also should taketiful than independent research positions. NonPh.Ds also may fill
courses in environmental studies and become familiar with currentpositions as science or engineering technicians or health technolo-
legislation and regulations. gists and technicians. Some become high school biology teachers,
Most colleges and universities offer bachelor’s degrees in bio- while those with a doctorate in biological science may become col-
logical science and many offer advanced degrees. Curriculums fotege and university faculty.
advanced degrees often emphasize a subfield such as microbiology Biological and medical scientists enjoyed very rapid gains in
or botany, but not all universities offer all curriculums. Advanced employment between the mid-1980s and mid-1990s, in part reflect-
degree programs include classroom and fieldwork, laboratory re-ing increased staffing requirements in new biotechnology compa-
search, and a thesis or dissertation. Biological scientists who havaies. Employment growth should slow somewhat as increases in
advanced degrees often take temporary postdoctoral research poghe number of new biotechnology firms slow and existing firms
tions that provide specialized research experience. In private inimerge or are absorbed into larger ones. However, much of the ba-
dustry, some may become managers or administrators within thesic biological research done in recent years has resulted in new
field of biology; others leave biology for nontechnical managerial, knowledge, including the isolation and identification of new genes.
administrative, or sales jobs. Biological and medical scientists will be needed to take this knowl-
Biological scientists should be able to work independently or asedge to the next stage, which is the understanding of how certain
part of a team and be able to communicate clearly and conciselygenes function within an entire organism, so that gene therapies
both orally and in writing. Those in private industry, especially can be developed to treat diseases. Even pharmaceutical and othe
those who aspire to management or administrative positions, shouldirms not solely engaged in biotechnology are expected to increas-
possess strong business and communication skills and be familiaingly use biotechnology techniques, spurring employment increases
with regulatory issues and marketing and management techniquedor biological and medical scientists. In addition, efforts to dis-
Those doing field research in remote areas must have physicatover new and improved ways to clean up and preserve the envi-
stamina. ronment will continue to add to growth. More biological scientists
The Ph.D. degree in a biological science is the minimum educa-will be needed to determine the environmental impact of industry
tion required for prospective medical scientists because the work ofand government actions and to prevent or correct environmental
medical scientists is almost entirely research oriented. A Ph.D. deproblems. Expected expansion in research related to health issues
gree qualifies one to do research on basic life processes or on pasuch as AIDS, cancer, and Alzheimer’s disease also should result in
ticular medical problems or diseases, and to analyze and interpre¢gmployment growth.
the results of experiments on patients. Medical scientists who ad- Biological and medical scientists are less likely to lose their jobs
minister drug or gene therapy to human patients, or who otherwiseduring recessions than are those in many other occupations becaust
interact medically with patients—such as drawing blood, excising many are employed on long-term research projects. However, a
tissue, or performing other invasive procedures—must have a medirecession could further influence the amount of money allocated to
cal degree. It is particularly helpful for medical scientists to earn new research and development efforts, particularly in areas of risky
both Ph.D. and medical degrees. or innovative research. A recession could also limit the possibility
In addition to formal education, medical scientists usually spend of extension or renewal of existing projects.
several years in a postdoctoral position before they apply for per-
manent jobs. Postdoctoral work provides valuable laboratory ex-Earnings
perience, including experience in specific processes and techniquedfedian annual earnings of biological scientists were $49,239 in
such as gene splicing, which are transferable to other researcB000. Median annual earnings of medical scientists were $57,196
projects. In some institutions, the postdoctoral position can leadin 2000, with epidemiologists earning $48,390 and medical scien-

to a permanent position. tists, except epidemiologists, earning $57,810. Median annual earn-
ings of medical scientists were $54,260 in research and testing
Job Outlook laboratories and $41,010 in hospitals in 1999.

Despite prospects of faster-than-average job growth for biological According to the National Association of Colleges and Employ-
and medical scientists over the 2000-10 period, doctoral degreers, beginning salary offers in 2000 averaged $29,235 a year for
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bachelor’s degree recipients in biological science, $35,667 for master'grovide habitats for wildlife. Conservation scientists and foresters
degree recipients, and $42,744 for doctoral degree recipients. manage, develop, use, and help to protect these and other natural
In the Federal Government in 2001, general biological scientistsresources.

in nonsupervisory, supervisory, and managerial positions earned an Forestersnanage forested lands for a variety of purposes. Those
average salary of $61,236; microbiologists, $67,835; ecologists,working in private industry may manage company forestland or pro-
$61,936; physiologists, $78,366; and geneticists, $72,510. cure timber from private landowners. Company forests are usually
managed to produce a sustainable supply or wood for company mills.
Procurement foresters contact local forest owners and gain permis-

Related Occupations sion to take inventory of the type, amount, and location of all stand-
Many other occupations deal with living organisms and require a; Y YPe, ’

level of training similar to that of biological and medical scientists. ing timber on the property, a proc,ess known as _t|mb_er Cruising.
These include agricultural and food scientists, and conservation Sci_Foresters then appraise the timber’s worth, negotiate its purchase,
entists and foresters, as well as health occupations such as phys"?‘-r.w| draw up a contract for procurement. Next, th(_ay_subcontract
cians and surgeons, dentists, and veterinarians. with loggers or pulpwood cutters fqr tree removal, aid |n, road lay-
out, and maintain close contact with the subcontractor’s workers
and the landowner to ensure that the work meets the landowner’s
Sources of Additional Information requirements, as well as Federal, State, and local environmental
For information on careers in the biological sciences, contact:  specifications. Forestry consultants often act as agents for the for-
> American Institute of Biological Sciences, Suite 200, 1444 | St. NW., est owner, performing these duties and negotiating timber sales with
Washington, DC _20005. Interndattt_p://wwvy.aibs.org industrial procurement foresters.
For information on careers in physiology, contact: o Throughout the forest management and procurement processes,
> American Physiological Society, Education Office, 9650 Rockville Pike, foresters consider the economics as well as the environmental im-
Betgesqa]; MD 20814. Internétttp.//g\.lwv:;the-.aps.orgb. logical sci pact on natural resources. To do this, they determine how best to
contgzzlt? ormation on careers in biochemistry or biological sciences, conserve wildlife habitats, creek bed_s, water quality, al_wd soil sta-
> Federation of American Societies for Experimental Biology, 9650 bility and how best to comply_W|th environmental regulations. For-
Rockville Pike, Bethesda, MD 20814. Interrietp://www.faseb.org esters must ba}lance .the desire to conserve forested ecosystems for
For a brochure entitlets a Career in the Pharmaceutical fu.ture generaﬂonsl with the need to use forest resources for recre-
ational or economic purposes.

Sciences Right for Me®ontact: . .
> American Association of Pharmaceutical Scientists (AAPS), Through a process called regeneration, foresters also supervise

2107 Wilson Blvd., Suite #700, Arlington, VA 22201. Internet: the p_Ianting and growing of new trees. They Choos_e_and prepare
http://www.aaps.org/sciaffairs/careerinps.htm the site, using controlled burning, bulldozers, or herbicides to clear
For information on careers in microbiology, contact: weeds, brush, and logging debris. They advise on the type, num-

» American Society for Microbiology, Office of Education and Training— ber, and placement of trees to be planted. Foresters then monitor
Career Information, 1325 Massachusetts Ave. NW., Washington, DC 20005the seedlings to ensure healthy growth and to determine the best
Internet: http://www.asmusa.org time for harvesting. If they detect signs of disease or harmful in-
Information on obtaining a biological or medical scientist sects, they consult with forest pest management specialists to de-
position with the Federal Government is available from the Office cide on the best course of treatment. Foresters who work for Federal
of Personnel Management (OPM) through a telephone-based sysand State governments manage public forests and parks and work
tem. Consult your telephone directory under U.S. Governmentywith private landowners to protect and manage forest land outside
for a local number or call (912) 757-3000; Federal Relay SerVice:of the pub“c domain. They may also design Campgrounds and rec-
(800) 877-8339. The first number is not tollfree, and charges mayreation areas.
result. Information also is available from the OPM Internet site: Foresters use a number of tools to perform their jobs. Clinom-

http://www.usajobs.opm.gov eters measure the height, diameter tapes measure the diameter, and
increment borers and bark gauges measure the growth of trees so
that timber volumes can be computed and growth rates estimated.
' Photogrammetry and remote sensing (aerial photographs and other
Conservation Scientists and imagery taken from airplanes and satellites) often are used for map-
Foresters ping large forest areas and for detecting wid(_aspread tre_nds of for_est
and land use. Computers are used extensively, both in the office
(O*NET 19-1031.01, 19-1031.02, 19-1031.03, 19-1032.00) and in the f|e|d, for the storage, retrieval, and analysis of informa-
tion required to manage the forest land and its resources.
Significant Points Range managerglsq called rangeonsgrvationistsrange
ecologistsor rangescientistsstudy, manage, improve, and protect
* Nearly 3 out of 4 work for Federal, State, or local range lands to maximize their use without damaging the environ-
governments. ment. Range lands cover about 1 billion acres of the United States,

e A bachelor’s degree in forestry, range management, or mostly in western States and Alaska. They contain many natural

a related field is the minimum educational requirement. '€SOUrces, including grass and shrubs for animal grazing, wildlife
habitats, water from vast watersheds, recreation facilities, and valu-

* Projected average employment growth will stem from - gpje mineral and energy resources. Range managers help ranchers
continuing emphasis on environmental protection and  attain optimum livestock production by determining the number

responsible land management. and kind of animals to graze, the grazing system to use, and the best
season for grazing. At the same time, however, they maintain soil
Nature of the Work stability and vegetation for other uses such as wildlife habitats and

Forests and range lands supply wood products, livestock forageputdoor recreation. They also plan and implement revegetation of
minerals, and water; serve as sites for recreational activities; andlisturbed sites.



